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Abstract: Bacillus subtilis, isolated from the chili rhizosphere, capable of producing 3 mycolytic enzymes (chitinase, β-1,3-glucanase, and
cellulase), was mutated by the chemical mutagen ethyl methane sulfonate (EMS). Mutants were screened based on their antifungal ability
on dual plate assay against Colletotrichum gloeosporioides OGC1, the causal agent of anthracnose disease in fruit crops. EMS mutagenesis
yielded 60 isolated mutants on NA plates, of which 3 (M3, M4, and M24) showed loss of antagonism against C. gloeosporioides OGC1
and 6 (M8, M21, M22, M57, M58, and M59) exhibited increased antagonism. The remaining mutants did not show any difference in
their antagonistic property. In liquid culture, the mutants exhibited varied levels of the 3 enzymes. These mutants were studied for
their mycolytic enzyme activities under shake flask conditions. Of all these mutants, M57 showed a 36-fold and 4.71-fold increase in
β-1,3-glucanase and cellulase activities, respectively, with a concomitant 1.95-fold increase in hydrolytic activity, followed by M59, with
a 5.68-fold and 1.57-fold increase in β-1,3-glucanase and cellulase activities, respectively, and a 2.23-fold increase in hydrolytic activity
as compared to the wild type B. subtilis strain. M24 exhibited a complete loss of β-1,3-glucanase and a decrease in chitinase, with a
concomitant decrease in levels of hydrolytic activity with C. gloeosporioides mycelia as compared to the wild type strain. The study
clearly indicated the mycolytic enzyme mediated antagonism of this strain and yielded 2 hyperproducing mutants for β-1,3-glucanase
and cellulase, 2 important enzymes for various agricultural and industrial uses.
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1. Introduction
Mycolytic enzyme-based formulations consisting of
chitinases, proteases, and glucanases have been used
to control fungal phytopathogens (1–4). The genus
Colletotrichum and its teleomorph Glomerella contain an
extremely diverse number of fungi, including both plant
pathogens and saprophytes. Plant pathogenic species
are important worldwide, causing pre- and postharvest
losses of crops. These fungi cause diseases commonly
known as anthracnose of grasses, legumes, vegetables,
fruits, and ornamentals. The disease can occur on leaves,
stems, and fruit of host plants (5). Disease outbreaks can
occur rapidly and losses can be severe, especially under
prolonged warm and wet weather conditions. Effective
control of anthracnose disease involves the use of one
of, or a combination of, the following: resistant cultivars,
cultural control, and chemical control. The intensive
use of fungicides has resulted in the accumulation of
toxic compounds potentially hazardous to humans and
the environment and the build-up of resistance by the
pathogens. In view of this, investigation and application
* Correspondence: sk.srividya@jainuniversity.ac.in

of biological control agents (BCAs) seems to be one of the
promising approaches (6).
Strain improvement is a lengthy and laborious job,
where we have to screen the better isolates among a
mutagen-treated population. Classical mutagenesis with
physical and/or chemical agents followed by titer test of
a large number of isolates has been used successfully to
improve the productivity of several fungal metabolites
and enzymes (7–9). Chemical mutagens may induce
mutations within a sequence, originating mutagenspecific patterns of mutations. Still, mutagenesis and
selection are cost effective procedures for reliable short
term strain improvement (10,11). The greatest advantage
of screening methods is simplicity, as these methods do
not require any profound understanding of the molecular
biology and physiology of the microorganisms being
manipulated (12). B. subtilis JN032305, isolated from
the chili rhizosphere, produced appreciable levels of 3
mycolytic enzymes (chitinase, glucanase, and cellulase),
and showed broad spectrum antagonism against potent
bacterial and fungal phytopathogens (13). The production
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of all 3 enzymes of this strain has been optimized using
the Plackett–Burman approach (14,15). The objective of
the present study was to ascertain the concerted role of
these 3 mycolytic enzymes (chitinase, β-1,3-glucanase,
and cellulase) in mediating antagonism of B. subtilis
against C. gloeosporioides and strain improvement for
the hyperproduction of these mycolytic enzymes for
agricultural or industrial purposes.
2. Materials and methods
2.1. Organism and culture conditions
The mycolytic enzymes producing bacteria was isolated
from the chili rhizosphere. It was identified as Bacillus
subtilis by morphological, biochemical, and 16S rDNA
sequence analysis. The GenBank accession no. for the
nucleotide sequence is JN032305.
2.2. Preparation of colloidal chitin
Ten grams of crab shell chitin was slowly added into 100
mL of cold concentrated hydrochloric acid (HCl), with
vigorous stirring, and then kept overnight at 4 °C. The
mixture was precipitated with 1000 mL of ice cold ethanol
at 4 °C with rapid stirring. The chitin suspension was then
centrifuged at 10,000 × g for 20 min and the resultant
chitin pellet was washed repeatedly with a 0.1 M phosphate
buffer (pH 7) until the pH became neutral (16).
2.3. Enzyme production
The culture was grown at 30 °C with 120 rpm for 24 h.
Then 200 µL of the culture inoculum was transferred to
a 250-mL Erlenmeyer flask containing 100 mL of broth
medium with (g/L): CMC, 10; peptone, 5; Beef extract, 3;
and NaCl, 5. The pH of the medium was adjusted to 7.0
using 1 N NaOH before autoclaving. All the experiments
were performed in duplicate. The culture broth, after 72
h of incubation, was centrifuged at 10,000 × g for 10 min
at 4 °C to separate the cells. The cell-free supernatant was
analyzed for enzyme activity (17).
2.4. Chitinase assay
Chitinase activity was assayed following the release of
N-acetylglucosamine according to the method described
by Monreal and Reese (18). A reaction mixture (3 mL),
containing 1 mL of 1% colloidal chitin in 0.1 M phosphate
buffer (pH 6.5), was incubated with 1.0 mL of culture
filtrate at 37 °C for 45 min. One unit of enzyme activity is
defined as the amount of enzyme required to produce 1 µg
of glucose per min.
2.5. Glucanase (β-1,3 and β-1,4) assay
The specific activity of β-1,3 and β-1,4 glucanase was
determined by measuring the amount of reducing sugars
liberated using dinitrosalicylic acid solution (DNS) (19).
The culture broth was centrifuged and 1 mL of enzyme
solution was added to 1.0 mL of substrate solution, which
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contained 1 mL of yeast cell wall extract (YCW, 1 %, v/v)
or carboxymethyl cellulose solution (CMC, 1 %, v/v),
respectively. The mixture was incubated in a water bath at
50 °C for 30 min, after which the reaction was terminated
by adding 1 mL of DNS solution and incubating the
mixture in a boiling water bath for 10–15 min until the
development of the color of the end product. Reducing
sugar concentration was determined by optical density at
540 nm (17).
2.6. EMS mutagenesis
Chemical mutagenesis of B. subtilis was carried out
with ethyl methane sulfonate by the method of Khattab
and Bazaraa (20). The B. subtilis cells (108 cfu/mL) were
washed once with 0.1 M tris-HCl buffer (pH 7.5) and
resuspended in 1 mL of the same buffer. To this 100 μL
of EMS was added and the mixture incubated in a shaker
water bath for 45 min. The cells were washed 3 times with
0.1 M tris-HCl buffer (pH 7.5) and serial dilutions were
plated on nutrient agar plates. The mutants were tested for
their antagonistic activity using the dual plate assay. The
mutants with loss or increase in this property were tested
for their ability to produce the mycolytic enzymes under
shake flask conditions. These mutants were also checked
for their hydrolytic activity using C. gloeosporioides
mycelia as substrate (21).
2.7. Phytopathogens
The following 6 phytopathogens were obtained as a kind
gift from the Indian Institute of Horticultural Research
(IIHR), Hessarghatta, Bangalore: Alternaria brassisicola
(OCA1), Alternaria brassicae (OCA3), Alternaria alternata
(OTA36), Fusarium solani, Colletotrichum gloeosporioides
(OGC1), and Phytophthora capsici (98-01). Verticillium
theobromae, Fusarium oxysporum, and Rhizoctonia solani
(MTCC 4633) were obtained from the Microbial Type
Culture Collection and Gene Bank (MTCC), Institute
of Microbial Technology (IMTECH), Chandigarh.
These 9 pathogens were used in the study as they were
potent pathogens of chili plants, causing leaf spot, wilt,
anthracnose, and root rot, thereby severely constraining
the yield of chili plants.
2.8. Dual plate assay
The wild and mutant strains of B. subtilis were evaluated
for their antagonistic potential against Colletotrichum
gloeosporioides OGC1 by the dual culture technique of
Huang and Hoes (22). One 5-mm disk of a pure culture
of the pathogen was placed at the centre of a petri dish
containing PDA. The B. subtilis (wild type) and EMS
mutants were inoculated at 4 opposing corners. Plates
were incubated for 72 h, at 28 °C, and the growth diameter
of the pathogen was observed and compared to control
growth, where the bacterial suspension was replaced by
sterile distilled water. Each experiment using a single
pathogen isolate was run in triplicate.
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2.9. Preparation of hyphal wall
The pathogenic fungal culture (C. gloeosporioides) was
inoculated into 50 mL of PDB broth and incubated at 30
°C for 5 days under shaking conditions. After incubation,
the mycelia were collected by filtration. The mycelia were
thoroughly washed with autoclaved distilled water and
homogenized on ice with a homogenizer for 5 min. The
mycelia suspension was centrifuged at 10,000 × g for 20
min at 4 °C (Remi-C24, Remi Laboratory Instruments,
India). The pellet was resuspended in sodium phosphate
buffer (0.1 M, pH 7.0). This preparation was used as
substrate for the hydrolytic assay (17).
2.10. Hydrolytic activity of B. subtilis (wild type and EMS
mutants) culture filtrate
For assessing the hydrolytic activity, the reaction mixture
(1 mL) containing 1 mg/mL of fungal mycelia with 1.0 mL
of crude enzyme (from B. subtilis grown on NB+CMC)
was incubated at 30 °C for 24 h. The released total reducing
sugars (19) in the control and treated fungal cell wall was
estimated using the DNS method. The hydrolytic activity
was performed using the culture filtrate of both the WT B.
subtilis strain and the EMS mutants of B. subtilis.
2.11. Statistical analysis
All the experiments were done 3 times in triplicate and the
values represented statistically are in analysis of variance
(ANOVA) form.

3. Results and discussion
The present organism under study, B. subtilis
(JN032305), exhibited a broad spectrum inhibition of
potent chili pathogens by the production of mycolytic
enzymes. As reported earlier, on dual plate assay, the
wild type strain of B. subtilis JN032305 showed broad
spectrum antagonism against Alternaria (3) spp. (55%),
Colletotrichum gloeosporioides (57%), Phytophthora capsici
(55%), Rhizoctonia solani (42%), Fusarium solani (42%),
Fusarium oxysporum (40%), and Verticillium theobromae
(36%) (13,14).
3.1. EMS mutagenesis
EMS mutagenesis yielded 60 isolated mutants on NA
plates, of which 3 (M3, M4, and M24) mutants showed
loss of antagonism against C. gloeosporioides and 6
mutants (M8, M21, M22, M57, M58, and M59) exhibited
increased antagonism against C. gloeosporioides. The
remaining mutants did not show any difference in their
antagonistic property (Figure 1). These mutants were
studied for their mycolytic enzyme activities under shake
flask conditions. Mutants M4 and M8 showed a complete
loss of chitinase and β-1,3-glucanase activity; mutants
M21 and M22 showed a complete loss of chitinase activity;
mutants M3, M24, M58, and M59 showed decrease in
chitinase activity; mutant M24 showed a complete loss
of β-1,3-glucanase activity. All the mutants except M21

Figure 1. Dual plate assay showing different antagonistic levels of EMS mutants against C. gloeosporoides OGC1 on PDA plates. Plates A
& C showing mutants 21, 22, 23, and 24, and mutants 1, 2, 3, and 4, respectively, with varied levels of inhibition; Plate B showing mutants
57, 58, and 59 with increased inhibition; Plate D showing C. gloeosporioides OGC1 control.
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showed varied levels of increase in cellulase levels. These
mutants were further checked for their antifungal activity
using C. gloeosporioides mycelia and it was found that M8,
M22, M57, M58, and M59 showed increased hydrolytic
activity with concomitant increases in one or more
mycolytic enzyme levels as compared to wild type (Figure
2). Of all these mutants, M57 showed 36-fold and 4.71fold increases in β-1,3-glucanase and cellulase activities,
respectively, with a concomitant 1.95-fold increase in
hydrolytic activity, followed by M59 with 5.68-fold and
1.57-fold increases in β-1,3-glucanase and cellulase
activities, respectively, with a 2.23-fold increase in
hydrolytic activity as compared to the wild type B. subtilis
strain (Figure 3). The mutant M24 exhibited a complete
loss of β-1,3-glucanase and decrease in chitinase with
concomitant decreases in levels of hydrolytic activity with
C. gloeosporioides mycelia as compared to the wild type
strain (Figure 2). All these observations clearly indicated
the mycolytic enzyme mediated antagonism of this strain.
In a similar study, Kandasamy and Saleem (23) showed the
role of the Bacillus strain BC121 in suppressing the fungal
growth in vitro when studied in comparison with a mutant
of that strain that lacks both antagonistic activity and
chitinolytic activity. Lorito et al. (24) reported chitinolytic
enzymes contributing to the ability of Trichoderma sp. to
act as biocontrol agents.
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ANOVA has been performed for hydrolytic enzyme
production by the wild type and mutants of B. subtilis.
P-value was found to be very low at both P = 0.05 and P =
0.01, which indicated that there are significant differences
in mycolytic enzyme production between the strains
(Table).
Strain improvement can generally be described as the
use of any scientific techniques that allow the isolation of
cultures exhibiting a desired phenotype. The technology
has been utilized for more than 50 years in conjugation
with modern submerged culture fermentations (25). EMS
is a well-known mutagenic agent, whose mode of action is
attributed to alkylation at nitrogen position 7 of guanosine
of the DNA molecule, leading to transversion or transition
type of mutations (26).
Biocontrol efficacy of the mutants and wild strain were
tested against phytopathogens such as Fusarium oxsporum,
Bipolaris oryzae, Rhizoctonia solani, and Alternaria sp. by
dual culture assay on PDA medium (27). The UV H11
mutant and adapted mutant showed increased biocontrol
activity when compared to the wild strain. The overall
mycelia growth inhibition of F. oxysporum, B. oryzae, R.
solani, and Alternaria sp. were 69.9%, 75.5%, and 82.7% by
wild, adapted, and UV mutant, respectively. Graeme-Cook
et al. (28) reported that high antibiotic production by two
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Figure 2. Mycolytic activity of Bacillus subtilis wild type and
EMS mutants. Values are mean ± SE of 3 replicates.
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Figure 3. Comparison of mycolytic enzyme profile of Bacillus
subtilis wild type and hyperproducing EMS mutants M57 and
M59. Values are mean ± SE of 3 replicates.

Table. ANOVA for hydrolytic enzymes production by wild type and mutant strains of B. subtilis.
Source of variation

Degree of freedom

Sample square

Mean square

F-statistics

P-value

Between samples

9

291.92

32.43

853.42

2.45 (S*)

Within samples

20

0.76

0.038

(S*)- Significant

326

NARASIMHAN et al. / Turk J Biol

T. harzianum mutant strains, BC10 and BC63, increased
inhibition of hyphal growth of R. solani and P. ultimum,
while Papavizas et al. (29) have shown UV-induced
benomyl resistant mutants suppress the saprophytic
activity of R. solani more effectively than the wild strain.
Bapiraju et al. (30) reported mutation induced enhanced
lipase production from Rhizopus sp. using UV radiation
and NTG. Kadam et al. (31) successfully employed UV
mutagenesis to improve a strain of Lactobacillus delbruekii
for lactic acid production. Successful use of EMS in induced
mutations has been reported for many bacterial strains
(31–33). Increase in chitinolytic enzyme production was
reported in Pseudomonas stutzeri YPL M26 after UV and
NTG mutagenesis (34).
Mutagenesis increased enzyme production successfully
in Trichoderma (35) and some other fungi in an industrial
process (36). G. virens mutants have shown differences
in their ability to produce the antibiotic gliovirin (37).
Mutagenesis alters the production of antibiotics and
mycolytic enzymes in biocontrol agents in T. viride (38).

In summary, these results suggest that B. subtilis M59
showed a high level of mycolytic enzyme production
(chitinase, β-1,3-glucanase, and cellulase) and enzyme
mediated inhibition of the growth of plant fungal
pathogens as compared to the wild type strain and other
mutants of B. subtilis. Although naturally occurring
organisms provide a major source of mycolytic enzymes,
genetic improvement plays an important role in their
biotechnological applications. Of the different methods
available for strain improvement to increase enzyme
production, random mutagenesis through physical
(UV, gamma etc.) and chemical (EMS) agents have been
employed to obtain improved biological strains, including
Pantoea dispersa (22) and Alcaligenes xylosoxydans (39).
Thus, B. subtilis mutants obtained in this study by EMS
mutagenesis have good potential for use as an antifungal
biocontrol agent upon appropriate formulation and can be
exploited for other industrial uses based on the chitinase
and cellulases produced by this strain.
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